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Manganese is a central element in biogeosciences

Mn(l11,1V)Ox Mn(l1)

As(lil) As(V)
Toxic!

(PM. H, D. L. Sparks et al., 1991)
(Tebo et al, 2004)
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Manganese

Mn(111,1V)Ox Mn(Il)

~_

Cr(IJ’I'I) Cr(VI)
Toxic!

(Butler et al, 2015)
(Tebo et al, 2004)



Two ways to form manganese oxides in the environment

Mn(Il) —
e_
\
Abiotic Biotic
slow ~105 faster!

(Diem and Stumm, 1984) (Nealson, Tebo and Rosson, 1988)



Two ways to form manganese oxides biotically

Direct

Enzyme

&
2
2
g 3
g F £ &
st N
& »] a =z
= o
% 09 % .8 | & & &
%, % % 3 2 £ &
% B 3% S &
® 273 &€ o
z & o
Q % 6% ° S e
Rl
s, %Q\.QI & o
Y 5 .?.CP U@;@O" oF
Fity, W oo™
Ob, A i
:‘e,.es ﬂamg.cpm
YCQS
plo™ )
smdfa %%f \lf s bacter globiformis 2
Copp, iz & # Arthro llopoietes L]
%2 Sp g N\ Arthrobacter crystalloP g
Jentlil Y, | Arthrobacter agilis g
Pt. discophora 35;1 Arthrobacler citreus 5
1dimona ¥
manganoxidan® bt
omonas Chryg, m
oS YSiogeney,
Oc&aﬂospiril'lum T s Listeria
roup
. [
PGS 2 sp.
= &Y SN
& X
; = -
55 §
§ 285 g
IR :
£ ] g
e : ¢ %
2 8 3
2 g 3
2 3 @
s -t
g
e

—— 0.05 subsfitutions per site

(Tebo BM et al, 2005)



Two ways to form manganese oxides biotically

Direct

Enzyme

Indirect

Reactive Oxygen Species (ROS)
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Two ways to form manganese oxides biotically

Direct

Enzyme
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Reactive Oxygen Species (ROS)
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Microorganisms release reactive oxygen species (ROS)
(Diaz. et al., Science, 2013)

o Transient
o Highly reactive species
o +++ oxidizers

o Key but cryptic process



Microorganisms release reactive oxygen species (ROS)
(Diaz. et al., Science, 2013)

o Transient
o Highly reactive species

o +++ oxidizers

o Key but cryptic process

Anoxic
subseafloor
sediments

(C. Hansel and J. M. Diaz, 2021) (Sauvage et al, 2021)
(Sutherland et al, 2020) (A. I. Garber et al, 2021)

Sink of marine dissolved oxygen Neutralization of water radiolysis ROS
~15 - 50 % photosynth. O, by microorganisms may provide an in
Situ source of oxygen 8



Problematic _ _ _ _
Microorganisms release reactive oxygen species (ROS)

(Diaz. et al., Science, 2013)

Extracellular ROS = a key process of Critical
Mn (bio)cycling in the Critical Zone? Zone??

H,0,

Anoxic
subseafloor
sediments

(C. Hansel and J. M. Diaz, 2021)
(Sutherland et al, 2020)

(Sauvage et al, 2021)
(A. I. Garber et al, 2021)



Object

Gel-like structure

©OT. Couasnon

Role of microbial biofiims

<

> Limited transport <

» U-environments
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(Fulaz et al, 2019)



Hypothesis

Biofilms accumulate ROS creating highly oxidizing pockets

/::‘ LRAC

vy °

------

(C. Hansel and J.M. Diaz, 2021)
(Learman et al, 2011)

@ Bacteria

Oxidizing area

Reducing area
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Laboratory experimental setup

———————— >
———————— >

Mn2*+ solution :M:: Mn2+
o 10°M Vg R
o 2-4days == B CLIRS Y R

*Biofilm

*Strain used E. coli K12 MG1655 F'tet it
uidic Unit

» Controlled system
* No Mn-oxidation related enzyme

©lbidi
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Laboratory experimental setup

ﬂ Mineral phase identification

MnZ2* solution

o 10°M
o 2-4 days

Sorption kinetics
Quantification

Mn(ll) Mn(III) I Mn(IV) |

L BB d¥°© Oxidized Mn quantification

*Strain used E. coli K12 MG1655 F'tet
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Mineral phase identification - TEM

Bacteria

EPS

Minerals
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Mineral phase identification - TEM

e Bacteria cell with high salt
g levels
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Mn particle, low P, high O, CI, Na
“lex =>MnOx? MnClIx ?




Mineral phase identification - TEM

Minerals are related to a BIRNESSITE structure

Intensity (a.u.)

7,4 A
[001]
|
||
‘\ B-MnOOH
2,45 A A
| pEEm e
| ‘ 10021 [200] [020]
| | « N )
¥ el I\
|I || { 1 | |I Mn_Bi0150mL+ Mn?!
,.'I \ -II.II \ |I [ additions
“ W Moo il M o 10 o
Il B-MnOOH
! \ A N'| P
| \ | | | |
|| | IJ l,l | | , |! Ml"l—BiC'lL
J rl IIL"'.I L B 4 II"-... o Y A"
H ll
. A
| h |
J ‘ ﬁl '
J’ | I.".IL | \ l'. Mn-Bio;som
.Jl. I TR W AT I A v
10 20 20 40

2-theta angle (Mo K alpha)

Evidence of Mn oxidation in the biofilm

XRD analysis of
birnessite biomineral,
(L. Galezowski, 2021)
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Oxidized Mn gquantification — LBB dye

160,00

140,00

120,00

100,00

80,00

60,00

amol Mn(1V)/cell

40,00

20,00

0,00
1,00E+07

1,00E+08

1,00E+09

Nb of CFU total in biofilm

1,00E+10

® Planktonic

17



Oxidized Mn gquantification — LBB dye

amol Mn(1V)/cell
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E. coli biofilms are able to oxidize Mn(ll)!

® Planktonic
Biofilms data
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Hypothesis
Biofilms accumulate ROS creating highly oxidizing pockets

Work in progress:

@ Bacteria

o CLSM imaging targeting ROS

Oxidizing area

. . Reducing area
o Field sampling °
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Microenvironments in natural biofilms (Seine river)

Framboidal pyrite
Reducing environments
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ore

Mn oxides formed in situ?
Oxidative environments?



Take home message

» Biofilms seem to get specific redox
microenvironments

» E. coli biofilms are able to oxidize Mn(ll)

» Biological (and abiotic) ROS production in the critical
zone needs further investigation -> Major role for
redox-sensitive elements?
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